Introduction
Most plants of economic value are naturally associated with vesicular-arbuscular (VA) fungi (Harley 1965) . Strawberry is reported to benefit from VA mycorrhizae when the availability of phosphorus (P) is limited (Daft and Okusanya 1973, Holevas 1966 ), but also under standard cultivation conditions in fields with high levels of available soil P (Dunne and Fitter 1989, Werner et al 1990) . The benefits of inoculating micropropagated or certified stock plants of strawberry are stressed by Kiernan et al (1984) , Robertson et al. (1988) and Chavez and Ferrera-Cerrato (1990) . In field experiments, maize showed great increases in shoot dry matter after inoculation with VAM (Khan 1972) . Daft (1991) observed a nearly 100 % growth increase of maize seedlings after VAM inoculation in sparce stands, but no discernible effects in very dense stands. Daft and Okusanya (1973) found VAM inoculation especially to increase the number of vascular bundles and also to stimulate pollen development in maize. Kothari et al. (1990) , on the other hand, reported that VAM inoculation ofmaize had no influence on the shoot dry weight, but increased the area and dry weight of leaves by 30 %. Simultaneously they observed, however, a 16 % decrease ofroot dry weight and a3l % decrease of root length. No studies have been conducted on the VA mycorrhizae of arctic bramble.
The most outstanding effect of VA mycorrhiza on plant growth is the enhanced phosphorus uptake in soils or growth substrates of low phosphorus availability (Mosse 1986 , Cooper 1982 , Fitter 1988 , Dunne and Fitter 1989 . However, vesicular-arbuscular fungi may thrive also in soils of high soil fertility (Gerdemann 1970) , or in soils amended with P up to 160 mg/kg soil as was observed by Kiernan et al. in maize (1984) .
The aim of this investigation was to study the effect of VA mycorrhiza inoculation on strawberry, maize and arctic bramble growing on sandy or peaty substrates and fertilized with bone meal or mineral compound fertilizers. Further considerations include the nutrient level of a growth substrate required for adequate plant growth and mycorrhizal infection.
All experiments were conducted as pot experiments in the glasshouse.
Material and methods

Experimental designs and practical performance
To study the effect of substrate, fertilization and VAM inoculation on growth and VAM infection in three hosts, four pot experiments were carried out in the glasshouse. All plants were cultivated in plastic Vefi-pots (2.5 dl), which were placed on top of an approx. 2 cm layer of wet vermiculite. During the experiments, watering was done to the vermiculite substrate. Three experiments (nos 1, 3 and 4) were ofa split-plot design, while experiment 2 was a randomized block experiment. The number of replications varied from four to six.
VAM fungi used, the duration of the experiments and the glasshouse minimum and maximum temperatures are shown in Table 1 .
Growth substrates and fertilizers
The basic growth substrates used in the experiments were fertilized light sphagnum peat (Vapo Bl or 82, Finland) bone meal were also given a phosphorus-free Hewitt solution (Hewitt 1952 ) once a week, starting two weeks after onset of the experiment. Two compound mineral fertilizers, both at two concentrations, were also used in the experiments. "Puutarhan Y-2" (7N-SP-15K, Kemira) was a solid fertilizer, while "Puutarhan täyslannos" (14N-SP--2IK, Kemira) was applied as a liquid fertilizer once a week. Strawberries growing on unsterilized peat substrate (substrate F), where the content of phosphorus varied between 86 and 165 mg/1 substrate, had no VAM sporulation whatsoever after 68 days. When the same substrate was steam sterilized (substrate G), a few spores were observed in the unfertilized (86 P) and in the 7N-SP-15K (86 and 111 P) fertilized treatments. In unsterilized sand (substrate A), Glomus mosseae sporulated very abundantly when bone meal + Hewitt solution was used as fertilizer (79 P). Poor to moderate sporulation occurred in the unfertilized treatment. In treatments with the compound fertilizer 7N-SP--15K at two concentrations (25 and 75 P), only a very poor sporulation was observed (Fig. 1) .
The shoot dry weight of strawberry correlated negatively with the occurrence of spores of G. mosseae. Strawberry grew best on average on the peat-based substrate F and poorest on the sand substrate A (Fig. 1) . On unsterilized peat substrate the highest dry weights of strawberry, 2.98 and 3.00 g/plant, were achieved with bone meal + Hewitt solution and compound liquid fertilizer 15N-15P-21K, respectively. The dry weights were on sterilized peat, 2.01 and 1.59 g/plant, respectively. On unsterilized sand substrate, however, the liquid compound fertilizer, at concentrations of 0.05 % and 0.1 %, was superior to the other fertilizer treatments (Fig. 1 ) .
Experiment 2
When strawberry was growing on steam sterilized sand (substrate B) spores of G. mosseae were detected in all fertilizer treatments after 83 days. As in experiment 1, spores occurred most abundantly when bone meal + Hewitt solution were used as fertilizer (79 P). A moderate number of spores were found also in unfertilized pots despite the extremely poor growth in these pots. The compound fertilizer 7N-SP-15K (0.5 g/1 sand, 25 P) also gave a moderate number of spores, while in the rest of the treatments the occurrence was very low. The highest dry weights of strawberry were observed when 7N-SP-15K was used as fertilizer, 3.49 and 3.71 g/plant respectively, for the two concentrations. At a concentration of 0.5 %, good growth of strawberry and a moderate VAM infection were reported (Fig. 2) .
The number of runners per plant was highest at the highest dry weight: 3.8 and 4.0 for the compound fertilizer 7N-SP-15K (Table 3) . In unfertilized control plants there were no runners at all. The length of the leaf stalk averaged 11.2 cm and 10.5 cm, respectively for the three largest leaves when 7N-SP-15K. (0.5 and 1.5 g/1) was used as fertilizer.
Experiment 3
The level of dolomite lime applied had no significant effect on the appearance of Glomus mosseae spores in the pots with maize (Fig. 3) after 113 days. Similarly to experiments 1 and 2, spores appeared very abundantly in the treatment with bone meal + Hewitt (79 P). However, the dry Fi g. Inoculation with VAM had on average a significant influence on total dry matter of arctic bramble. In 'Mespi', all the fungal strains used increased the total dry weight as compared to the control. The effect was greatest after inoculation with isolate 4. In 'Pima', isolate 3 gave the highest total dry weight (Table 5) . Isolate 2 decreased the yield as compared to the control. Due to the spread of the introduced VAM fungi, almost all control plants of both 'Mespi' and 'Pima' exhibited root infection ( Fig . 4 ) . In the sand substrate ( B ), control plants had a lower percentage of VAM-infection than in the peat-based substrates where plants showed a better growth. On average there were only minor differences between the percentages of VAM infection in roots of arctic bramble growing on different substrates with P-contents varying from very low (substrate B) up to 27 mg P/l (C), 44 mg P/l (B) and 58 mg P/l substrate. However, the highest infection rates occurred on the sand substrates both for 'Mespi' and 'Pima'. In contradiction to the percentage of root infection, the introduced VAM fungi sporulated moderately or abundantly only in the sand substrate (Fig. 4) . The sporulation of strain 3, however, was neglictible or very poor also in this substrate. VAM-inoculation greatly Table 2 ) on shoot dry weight and the occurrence of spores (from -to +++++) around roots of of micropropagated strawberry cv Senga Sengana inoculated with Glomus mosseae. Sand substrate. Bars marked with the same letter do not differ significantly at P=0.05.
Agric. Sa. Fint. 1(1092) Fi g. Table 2 ) and VAM inoculation (1, 2,3, 4,5: uninoculated, G. mosseaeandG. spp 3, 4 and 4, respectively) on total dry weight, VAM infection and the occurrence of spores (from -to +++++) around roots ofmicropropagated arctic bramble cvsMespi and Pima. Whole bar indicates total dry weight. Part ofbar marked with crosshatched lines indicates root dry weight. Bars marked with the same letter do not differ significantly at P=0.05. Numbers below horizontal line indicate percentage ofroot infection. increased the percentage of surviving arctic brambles on the sand substrate (Table 4) .
Discussion
Very abundant VAM sporulation was observed in experiments 1, 2 and 3 both in strawberry and maize in a sand substrate fertilized with bone meal, which gave a calculated P content of 79 mg slowly soluble P/l. The result is in agreement with other studies (Gerdemann 1968 , Mosse 1973 , Menge et al. 1978 according to which mycorrhizal infection best takes place under P-limiting conditions. Despite good mycorrhizal infection, the plants growing on a sand substrate fertilized with bone meal were always inferior in size to the plants given mineral fertilizers, which on average had only a poor to moderate VAM infection. A compromise must therefore be made in order to produce plants of sufficient size, which at the same time are mycorrhizal. In strawberry grown on a sand substrate, the compound fertilizer 7N-SP-15K
used at a concentration of 0.5 g/1, giving a P content of 25 mg/1, seems to meet these requirements rather well (experiment 2). Maize achieved a moderate growth and VAM sporulation by applying 7N-SP-15K. at a concentration of 1.5 g/1 which gives a P content of 75 mg/1, or by applying the liquid fertilizer 14N-SP-21K. at a 0.05 % concentration weekly. Sporulation occurred also at fairly high levels of available substrate P. The highest phosphorus content, where sporulation of the introduced VAM fungi occurred, was observed at 111 mg P/l substrate for strawberry in experiment 1, which is in agreement with the findings by Gerdemann (1970) who claims that many crops in the Mid-West of the USA remained highly mycorrhizal despite high soil fertility. In experiment 3, sporulation of VAM was moderate in maize at a phosphorus level of 75 mg/1 soil.
This observation supports the studies by Fairchild and Miller (1990) and Kothari et al. (1991) according to which VAM infection of maize was observed even after amendments with P of 100 mg/kg soil or more.
On the peaty substrate in experiment 1, maximum growth was achieved at a phosphorus This is the first report of VAM infection in arctic bramble. However, infection is not surprising because the Rosaceae family is found to be very mycorrhizal (Harley and Harley 1987) . As the sand substrate and bone meal combination was not used for arctic bramble, the results cannot be directly compared with those obtained on strawberry and maize. However, three out of four VAM strains sporulated moderately to abundantly only on the unfertilized sand substrate. On the peaty substrates, with P contents ranging from 27 to 58 mg/1, sporulation was very poor and occasional although growth was abundant. These findings indicate that peat suppresses VAM sporulation in arctic bramble. However, there were only minor differences in the percentage of root infection of arctic bramble growing on peaty or sand substrate. In experiment 1, sporulation of G mosseae was also negligible or very poor in strawberry growing on peaty substrates. However, the substrates cannot be compared directly with each other, because the peaty ones were much richer (P from 86 to 165 mg/1) than the sand substrates ( P up to 79 mg/1).
With respect to commercial growing and VAM inoculation of strawberry, maize and arctic bramble, the results of this investigation are highly preliminary. The nutrient levels of different substrates were only calculated and not measured. The difference in buffering capacities between peaty and sandy substrates was not taken into consideration. Some substrates were steam sterilized , the effect of which on nutrient availability, especially on nitrogen, was not estimated. The range of fertilizers studied was narrow. For example, slowrelease compound mineral fertilizers such as osmocote were not tested at all although there are indications that this type of fertilizer could provide the best compromise in producing well growing mycorrhizal plants (Maronek et al. 1980, Waterer and Coltman 1988) .
